In this study GIS and spatial analysis were applied in order to thoroughly examine possible relationships between the location of Mycenaean (16 th -11 th c. BC) settlements in Messenia and the geomorphological characteristics of the area of their establishment. The idea lying behind this attempt is that the Mycenaeans would not have established their habitation sites randomly but according to decisive criteria, among which geomorphological characteristics played an important role. Such criteria include land aspect, terrain slopes, the hydrographic network and the geology of the area, all significant factors which need to be taken into consideration in order to evaluate the choice of settlement establishment. The combination of all available geological and environmental data with archaeological records provides a better view of the way local environments were built up in the past in association with the human site exploration and habitation; this view, hereafter defined as the Geocumulative versus Habitation (GCH) approach, constitutes the axis of the present study.
due to the great number and the importance of Mycenaean sites identified. Habitation remains, surface finds, vaulted and chamber tombs are constantly being added to the archaeological index of the region, with 149 sites verified ( Figure   1 ).
Geospatial analysis applies statistical analysis using information science techniques such as Geographic Information Systems (GIS) and geomatics on data with a geographic or geospatial component. More specifically, the increased use of GIS technologies and approaches in archaeology and cultural landscape studies over the last decades has yielded unique information [1] [2] . The present paper demonstrates the importance of the application of GIS and spatial analysis in mapping the Mycenaean habitation sites.
Archaeology was one of the first to exploit the potential using GIS in landscape studies and cultural heritage management [3] . Archaeologists are often considered as frontrunners within the social sciences and humanities in employing GIS [4] . By fusing archaeological and environmental data in a GIS-based system it is possible to study landscapes at regional and local scale. Comprehensive modeling of diachronic settlement patterns can be provided by using site catchment, proximity and viewshed analysis. Moreover, the theoretical background of archaeological research can be revised or even modified by GIS [5] . For example Dederix (2017) created a cost-dependent terrestrial movement pattern via cost surface analyses based on examining the geomorphology of the area and the locations of circular tombs and settlements [6] . Alexakis et al. (2013) focused on the creation of a risk assessment model for the archaeological sites of the area of Cyprus [7] . In another example De Reu et al. (2013) created an algorithm called topographic position index, which was first applied in northwest Belgium, and was used to measure topographic slope positions and to automate landform classifications [8] . Also Ladefoged et al. (2011) used the analysis of LiDAR data to enable a more precise and accurate assessment of human activities in the field system, focusing on the area of Hawai'i Island [9] .
Nowadays, GIS programs are increasingly used in archaeology science for storage, management, analysis and presentation of results. The development of concepts, approaches and tools that can help us to understand the human interaction with the spatial world in the past remains a real challenge for archaeological GIS research [10] . In the future, the use and the importance of GIS technologies will increase further, as new GIS applications will be capable of more complicated forms of analyses. New tools are now being developed for 3D representations, network analyses, mobile technologies and virtual reality with increased emphasis on interactivity [5] . In addition, online archives allow the databases to be more freely exchanged [10] . It is certain that the use of GIS in current and future archaeological surveys as well as in cultural heritage management will continue to grow. In this paper we present the Geocumulative versus Habitation approach (GCH), which is an attempt to collect and associate the geological and environmental characteristics of the studied Mycenaean habitation sites with availa-network) of a region. Given the cumulative significance of the above mentioned parameters, a more holistic hypothesis can be formulated regarding the distribution of the Mycenaean habitation sites in Messenia.
The aforementioned approach can provide combined information on the criteria used by the Mycenaeans in the selection of their settlement location. Therefore, it can contribute to a nuanced study of site location, in connection to varied parameters of the Mycenaean life, like political organization, economy, social structure and symbolism.
Materials and Methods
Field survey, statistical and spatial analysis as well as image processing of satellite images and DEM' s data were carried out on the eighteen most extensive Mycenaean settlements of Messenia, according to excavation data or surface finds.
The river Neda constitutes the conventional northern frontier of the region under study [12] [13] . Neda is still used today as the boundary between the Prefectures of Messenia and Elis (Figure 1 ). [14] . This schema has also broadly been applied in the case of Messenia, with the two first tiers of settlement hierarchy considered to represent primary and secondary order centers [12] or towns and large villages [13] . Cosmopoulos distinguishes: 1) the palace at Ano Englianos (Figure 2 ) from, 2) second-order centers, like Iklaina, and Malthi (Figure 3 ), 3) smaller villages, and 4) farmsteads or rural installations [15] while Hope Simpson, in his recent discussion of the kingdom of Pylos, emphasizes settlement size as a criterion of distinguishing among 1) towns, to which Ano Englianos is included, 2) large villages, larger than 2.5 ha, 3) villages, larger than 1.0 ha, 4) hamlets, between 0.5 and 1.0 ha, and 5) farms, less than 0.5 ha. [13] . It must be noted, however, that, in order to include each settlement in one or the other category, relevant studies usually combine estimated settlement size with other criteria, such as the existence of architectural remains and the types of existing nearby tombs. Moreover, as far as Messenia is concerned, settlement hierarchy is inevitably related to the study of the political geography of the region, based on the interpretation of toponyms and other relevant information included in the Linear B tablet archive of Ano Englianos [12] [13] [15] [16] .
In this paper, settlement size beyond 3.0 ha, as inferred by excavation or survey data, is the main criterion applied to the selection of the settlements discussed. This criterion broadly corresponds to the two upper tiers of the settlement hierarchy schema mentioned above, setting a stricter size limit for the inclusion of a settlement in the second category. Additionally, the existence of tholos tombs in the vicinity of some of these settlements is taken into account as a secondary criterion for including them in the present study [13] In order to estimate the coordinates of each site of interest with the highest possible accuracy, we visited the vast majority of the sites and acquired the exact location (via GPS) using the Greek Geodetic Reference System (EGSA '87). In addition, satellite images of high resolution were used (Quickbird 0.6 pixel and IKONOS 1m). The correction of some minor deviations noted lead to the formation of a database of highly accurate points.
The topographic maps of the Geographical Service of the Greek Army and the Geologic maps of IGME were digitized to illustrate the characteristics of the surface of Messenia. Combining these digitized maps with satellite images, we created a digital high precision county elevation model, with a cell size at 20 m. This model was used to create the Digital Terrain Model (DTM, the slope, the aspect and the settlement intervisibility maps ( Figure 4 ). Additionally, geological rocks were reclassified (e.g. limestone Jurassic and Cretaceous limestone unified in one category) and other elements of the initial maps, such as faults, rivers and lakes were also digitized.
Finally, based on various spatial analyses in the GIS, individual characteristics of the ground in the vicinity of the settlements in question were studied, in order to examine the likely associations between settlement location and morphological parameters such as 1) land and terrain slopes, 2) the hydrographic network (distance from water by creating Buffer Zones), 3) the geology of the area, and 4) the aspects of the land. The Geocumulative versus Habitation approach is expected to greatly improve our understanding of the habitation criteria of the Mycenaean people ( Figure 5 ).
Results
Modern geoarchaeological studies adopt a holistic approach towards the evolution and use of local environments by combining landscape morphology with environmental and cultural parameters, like soil fertility, water supply, air quality, human health and habitation [22] [23] . The aim of the present study is to analyze the geomorphological, geological and climatic parameters prevailing in the locations mentioned in Table 1 and to diagnose the presence of common features of the used parameters.
According to the selection criteria stated above, 18 Mycenaean settlements were examined. The size of each settlement and the presence of tholos tombs in the area are presented in Table 1 ; However, Figure 6 , shows the location of each settlement. For the greater understanding of Messenian topography it is observed that the terrain from 0 -300 meters constitutes 48% of the total study area. Correspondingly, rates for grounds from 300 -600 (26%), 600 -1200 (21%) and 1200 - The association between the slopes of the ground and the location of settlements is shown in Figure 9 and Table 2 . All the examined settlements are located on low slope terrain and in soils generally designated as lowlands. More specifically, 72% of all settlements are located on low slope terrain; the remaining 28% are located on medium slope terrain (semi-steep). These lands are most suitable for habitation and would have been easily accessible for the inhabitants of the time.
Aspect
The climatic conditions that prevail in an area are significant factors affecting the residential development. Grounds with southern orientation in general create a shelter of bioclimatic factors, protecting from northern winds and ensuring maximum conditions of sunshine and temperature. The results of the present analysis show that all settlements are oriented to the South, Southeast and Southwest presumably in order to be protected from the north wind and at the same time profit by the sunlight (Figure 10 & Table 2 ). It is remarkable that none of the examined settlements is oriented to a North, East or West ground, despite the fact that only 40% of the entire Messenia Prefecture are located in south grounds orientation ( Figure 11 ).
Geology
The geology of the region also appears to play a major role in the selection of Table 2 ).
The marls can be subdivided into those occurring on the coastal terraces, where slopes are gentle and erosion is generally limited, and those located in the uplifted interior, where streams are deeply incised and erosion is severe. The soils on the marine terraces are generally well preserved and fertile but require irrigation for maximum productivity [23] . The alluvial deposits are materials without cohesion, in which the involvement of the block is usually small. They are predominantly found in riverbeds and are relatively recent deposits. The physical and chemical properties of the floodplain sediments make them the best areas for agriculture, provided there is sufficient water [23] .
Hydrographic Network
The most significant factor in the selection of habitation sites since the beginning of human evolution was certainly the water supplies. Rivers and large streams are not just a source of clean drinking water; they serve as a source of food through fishing, as well as a transport route. Even today the most important cities in the world are located near rivers and more specifically in the points where rivers meet the sea, thus exploiting the water element to the maximum extent.
For the purposes of this study, Allocation Zones were created by the entities This process was carried out with the purpose of creating Buffer Zones per 100 meters from the rivers to the Centers under consideration. In this way, the exact distance from the hydrographic network (including the rivers and the largest streams of the Prefecture of Messinia) was defined in a straight line.
Based on the results of Figure 15 , there is a high affinity between the existence of rivers and streams and the location of settlements, as expected. As we can see in (Figure 16 ), all settlements are located in a short distance from a river or a stream (0 -300 m).
Random Testing via PCA Analysis and G.I.S.
A number of statistical tests have been carried out in order to further examine whether the observed patterns are random or not. We used three random spot For testing the process, the Principal Component Analysis (PCA) method was used after the calibration of the parameters. In conclusions, it is observed that the actual values, the values of Settlements, form a very well defined group which is around the ideal value (IDEAL). On the other hand, Random points diverge considerably from each other, but also from the ideal value (IDEAL). In general the random points do not show any sort of correlation of the data even in the case of 50 and 100 random points (Figures 17-19 ).
Discussion and Conclusions
In this paper the Geocumulative versus Habitation approach (GCH) was applied to examine patterns in settlement location selection in Messenia during the Mycenaean era. The study was confined to the eighteen largest settlements that have been identified, which correspond to the two upper tiers of settlement hierarchy Finally, water supply is also a significant parameter in settlement location, since all settlements are located next or very close to rivers or streams (at a distance of up to 255 m), thus ensuring easy access to water resources.
In conclusion, the GCH approach suggests that settlement location in Mycenaean Messenia was far from random and it followed specific environmental criteria. The vast majority of the Mycenaean settlements are: 1) located on small hills with low slopes, 2) the main geological features are marls and sandstones, 3) the aspect of the ground is south, 4) located very close to water resources. This is a significant finding because it clearly shows that 4500 years ago (well before the peak of Greek Classical Civilization), Mycenaeans were aware of the bioclimatic and environmental factors which improved their living conditions. 
